The micellization process of the aqueous mixed system Triton X-100 (TX100) -Dodecyltrimethylammonium Bromide (DTAB) was studied with a battery of procedures: surface tension, static and dynamic light scattering and ion-selective electrodes. Results were also analysed with two thermodynamic procedures. The system shows some changes in its behaviour with changing the mole fraction of DTAB, DTAB, in the whole surfactant mixture. For DTAB  0.40 micelles are predominantly TX100 with scarce solubilized DTA + ions, and TX100 acts as a nearly ideal solvent. In the range 0.50  DTAB  0.75 it seems that none of the components acts as a solvent, and above DTAB  0.75 there are abrupt changes in the size and electrophoretic mobility of micelles.
INTRODUCTION.
Molecules that have the property of adsorbing spontaneously onto the interface between two immiscible fluid phases are known as surfactants [1, 2] (surface active).
Surfactants are small molecules that possess two distinct parts on their chemical structure: one with affinity to polar solvents (like water), the polar head, and the other with affinity to non-polar fluids, the hydrophobic tail. At a certain well defined concentration, surfactants self-assemble in bulk to form aggregates called micelles. The concentration at which this happens is called Critical Micelle Concentration (CMC), which is the most important characteristic of surfactants. The surfactant micellization is a cooperative process producing abrupt changes in many physical properties such as surface tension, light scattering, conductivity, etc. The measurement of those properties as a function of surfactant concentration permit the determination of the CMC [1, 2] .
Surfactant solutions are used in many technical applications such as enhanced oil recovery, detergency, pharmaceuticals, food, cosmetics, flotation mineral recovery, and pesticides, among others [1, 2] . In almost all these applications surfactant mixtures are commonly used instead of pure surfactants, because these mixtures often have better performance, e.g lower CMC's, than one-component systems [1, 3, 4] . It is worth mentioning here that the mixtures include not only mixtures of different surfactants but also surfactants with polymers, polyelectrolytes, proteins, micro and nano particles [5, 6] .
These complex surfactant mixtures allow to formulate systems with designed properties, for instance, mixtures of a cationic surfactant with a thermorsponsive anionic polyeletrolyte was used for stabilizing liquid foams whose stability responds to an external stimuli [7] . In the case of detergent formulations, mixtures of ionic and nonionic surfactants are frequently used. Since the 1960's [8, 9] , it was demonstrated that mixtures of ionic surfactants with nonionic ones have improved features in regards of their applications [3, [8] [9] [10] [11] [12] [13] . The inclusion of these nonionic surfactants aid, for example, to reduce some undesirable interactions between ionic surfactants and the substrate, such as precipitation with polyvalent cations (mainly Ca +2 or Mg
+2
) or the tendency of electrostatic adsorption of cationic surfactants to natural negatively charged surfaces. In some applications such as germicide formulations, cationic surfactants are added to nonionic surfactants due to their biocide properties [14] . Although the synergistic effects when different surfactants are mixed have received great attention in view of its exploitation in designing mixtures with particular desirable properties, the basic processes are still relatively poorly understood at a detailed molecular level [14] .
In surfactant mixtures, the determination of the composition of mixed micelles is a major problem since its value is fixed by the partition equilibria of the species between the aggregates and the surrounding medium. Because the mixed micelles composition is quite difficult to assess experimentally in a direct manner, it has to be estimated on the basis of a given thermodynamic model parameterized with physicochemical properties, mainly the critical micelles concentration (CMC) [1] . Among the mixtures composed by ionic and non-ionic surfactants, Carnero Ruiz and Aguiar [15] have studied three mixed surfactant systems, TX100 with Hexadecyltrimethylamonium Bromide (CTAB),
Tetradecyltrimethylammonium Bromide (TTAB) and Dodecyltrimethylammonium Bromide (DTAB). At difference of the TX100-CTAB and the TX100-TTAB mixed systems, the TX100-DTAB system CMC values were not well modelled by the Regular Solution
Theory [16] (RST or Rubingh' procedure). This fact and some other characteristics of this system which were different from those found with the other homologues studied in the above referred work makes the TX100-DTAB mixed system interesting to a detailed research.
In the present work we have studied a binary surfactant mixture formed by Triton-X100
(TX100), a non-ionic surfactant, and dodecyltrimethylammonium bromide (DTAB), a cationic surfactant (See their structures in the Supplementary Information, SI, in Figure   1 SI). This system was here studied by a battery of techniques: surface tension, static (SLS) and dynamic light scattering (DLS), electrophoretic mobility, and bromide-ionselective electrode. The mixed micelles' properties have been analyzed using two thermodynamic approaches: the Regular Solution Theory (RST, or Rubingh's approach) [16, 17] , and the Equation-Oriented Mixed Micelle Modellisation (EOMMM) [18] . These procedures give both the mixed micelle composition and thermodynamic properties such as the energy of intra-micellar interaction between components and their intra-micellar activity coefficients, which permit a better comprehension of what occurs inside the mixed system. On the other hand, we have experimentally obtained the composition of the mixed micelles at concentrations of about 10 times the CMC's. Although these values are not strictly comparable with those given by the thermodynamic approaches, that apply at the CMC, they allow us to evaluate the thermodynamic models and interpret the experimental findings.
MATERIALS AND METHODS

Materials
Dodecyltrimethylammonium bromide (DTAB) was from Sigma-Aldrich (>99%) and used as purchased. Polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether (Triton X-100, TX100, Mw = 647gmol -1 ) was obtained from Sigma-Aldrich and used as purchased.
Stock solutions of DTAB and TX-100 were prepared using ultra-pure water (Milli-Q, Millipore system). Then, appropriate amounts of stock solutions were mixed and diluted to obtain the desired composition and concentration solutions. Mixtures having DTAB = 0 (pure TX100), 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, and 1 (Pure DTAB). Here DTAB is the mole fraction of DTAB in the whole surfactant mixture, without considering the solvent, i.e, DTAB + TX100 = 1.
For dynamic light scattering experiments, the solutions were filtered three times through 220nm PDVF Millex filters from Millipore and let 24 hours to allow degasification.
Methods
All measurements were performed at 25.0 ± 0.1 º C.
Surface tension measurements were performed with a manual Krüss Tensiometer with a platinum duNoüy ring.
The refractive index increment at different concentrations was measured with a Phoenix
Precision Instruments Co. differential refractometer with a controlled temperature cell jacket. The light source is a mercury lamp with filters to select the wavelength ( = 546 nm). The apparatus was calibrated with KCl solutions.
Dynamic light scattering (DLS) and electrophoretic mobility measurements were performed with a Malvern Zeta Ziser Nano ZSP with a He-Ne laser ( = 633 nm). Both DLS and electrophoretic mobility measurements were taken for total concentration of surfactant equivalent to ten times the CMC. DLS measurements relates the fluctuations in time of scattered light to the translational diffusion coefficient (D) [19] , which may be related to the micelle hydrodynamic diameter, dH. (see details in the SI, point 2.1). The temperature was controlled (± 0.1 C) using the instrument own system. Factor" statistical criterion [20] . The total charge of the micelle is obtained with:
R being the micelle radius. 
THEORETICAL MODELS
Clint's model [22] relates the critical micelle concentration of a surfactant mixture, CMCM, appropriate only for very few systems, it has been used often as a way of analysing the deviation of a mixed system from the ideal behaviour [23] .
The Regular Solution Theory (RST) or Rubingh's model [16] is the first model developed for non-ideal systems. It is based on a regular solution approach to the treatment of nonideal mixing and due to its simplicity, it has been the mainly used approach, even after the development of more complex models. The non-ideality is introduced with the inclusion of the intra-micellar activity coefficients i, into the equation relating the critical micelle concentration of the mixed system (CMCM) and that of the i pure components (CMCi ):
In this model, for a binary solution:
Where Xi is the molar fraction of the surfactant i in the micelle (because the micelles composition could be different from bulk composition i  Xi), and M is an interaction parameter in kBT units, kB and T being the Boltzmann constant and the absolute temperature. The M parameter can be interpreted in terms of the excess Gibbs free energy of mixing.
Here, W12 is the energy of interaction between the surfactant molecules in the mixed micelles and W11 and W22 are the energies of interaction of surfactant molecules in an one single surfactant micelle, and R the gas constant. The parameter M is determined from the following expressions, from experimental CMC1, CMC2 and CMCM values:
Since there only the CMC's and the total system composition are known, the system formed by equations 3-6 is solved numerically for M and Xi. for each experimental point (i.e., for each DTAB) The M quantitatively captures the extent of nonideality. The larger the negative values of βM, the stronger the attractive interactions between the two different surfactants molecules. Repulsive interactions yields a positive M value, whereas null M indicates an ideal mixture. The first step in appling the model is to obtain the values of X1 and X2, by numerically solving equation 7, which relates the critical micelle concentration of the mixture and that of the pure surfactants to the 1. It is solved for each 1 value to obtain X1 [17] ,
The ideal composition of mixed micelles can be obtained with the Motomura and Aratono equation [24] .
The RST has received severe criticism [25, 26] . In particular, its extension to multicomponent surfactant mixtures gives completely unrealistic results [27] . Since it is based in the regular solution theory, it is supposed that the energy if introducing a molecule of surfactant 1 in a micelle of pure surfactant 2, W12, is equal to that of introducing a molecule of 2 in a micelle of pure 1, W21, i.e., that the system is thermodynamically symmetric. This situation is very improbable. Moreover, in some cases it is not possible to resolve Equation (7) to obtain Xi.
The Equation Oriented Mixed Micellization Model (EOMMM) is a new approach based on Equation Oriented
Optimization and Margules asymmetric formulations [28] contemplating both symmetric and asymmetric thermodynamic behaviors since the symmetric formulations are a particular case of the asymmetric ones, which is not restricted to the number of components and guarantees the applicability of the GibbsDuhem relation [18] .
(For details see S.I. for EOMMM). The Equation Oriented
Optimization simultaneously solves a system of equations in order to find the minimum/maximum of an objective function subject to a set of constraints. The EOMMM Moreover, the procedure may be extended to multicomponent surfactant mixtures. The procedure is explained in detail in the SI, point 2.3.
For the EOMMM analysis the pure DTAB micelle ionization degree was taken from literature, and an average value of 0.260 ± 0.004 was used [29] 
RESULTS
In order to experimentally determine the composition of the micelles for each mixture, the micellar mass of the mixed micelles was determined by SLS (see SI). Now, since
Triton X-100 is a non-ionic surfactant, the charge of mixed micelles is due to the DTA + and Br -ions content. To determine if bromine counterions are condensed on the mixed micelles, a Br --ion selective electrode was used. As it can be seen in Figures 2 SI and 3 SI, for DTAB < 0.75, there is no capture of couterions and then the charge of the micelle is equal to their DTA + -ions content.
With the micelle hydrodynamic radius, the micellar mass and the micelle electrophoretic mobility for each mixture composition, an estimation of the micelle composition may be performed. The micelle charge may be obtained from the electrophoretic mobility of micelles. Since at most for DTAB  0.75, micelles are fully ionized, the charge of micelles (in terms of the elementary charge e) is equal to the number of DTA + ions included in the micelle (nDTA+ ≈ q). Then, using the micellar mass, the composition of mixed micelles was computed as:
Where Mi is the molar mass of component i in the mixed micelle. The composition of the mixed micelle was then computed as XDTA+ = nDTA+/(nDTA+ + nTX-100), and its aggregation number n = nDTA+ + nTX100.
For DTAB > 0.75, nDTA+ was estimated using the surface areas and partial molar volumes of the components and micelles:
Where dh is the hydrodynamic diameter of micelles, AM and VM are the area and volume [29] . That of DTAB CMC is 0.0144 mol.dm -3 , that of literature is 0.015 mol.dm -3 [15, 32] , depending on the experimental method used the cmc falls between 0.014 and 0.016 mol.dm -3 [33] .
Results are shown in Figure 1 In a literature work [15] the CMC of DTAB-TX100 mixed micelles dependence on DTAB was also almost ideal, while that of TTAB-TX100 and CTAB-TX100 systems were not, showing experimental values below those predicted by Clint equation
The micelle mass (M) determined by SLS is plotted in Figure 2 as a function of
DTAB. An example of the Debye plots can be seen in Figure 6 SI. The values may be seen in Table SI- Da [29] or 15500 Da [37] .
In figure 2 we observe that M decreases as DTAB increases. This may be due to an increased repulsion among the micellised molecules when the DTAB content increases.
There is a change in the M dependence on the mixture composition at DTAB = 0.5. For DTAB = 0 (pure TX100) Bulavin et al. [40] measured by small-angle neutron scattering a constant characteristic diameter of 7.4 nm below 0.0096 mol.dm -3 . Mandal et al. [30] proposed an oblate ellipsoidal micelle for TX100, with an hydrodynamic radius of 3.962 nm (dh = 7.924 nm), a gyration radius RG = 3.343 nm and an equivalent sphere radius Ro = 3.610 nm. The oblate ellipsoid semiaxes are a = 5.131 nm and b = 1.796 nm. it may be concluded that these mixed micelles do not capture counterions at their surface.
This behaviour was observed for all systems with DTAB  0.75, while for higher DTAB proportions micelles capture some counterions, as it can be seen in Figure 3 SI, although this capture is not so high as in pure DTAB micelles [41] .
Then, at least for DTAB  0.75, the micelles are completely ionized, i.e., they do not have bromide ions included in the kinetic unit, due to their very low surface potential.
Fluorescence anisotropy studies on the aklyltrimethylammonium bromides-TX100 gave information about microviscosity in the aggregates interior. Literature measurements indicated that the structure of micelles is less tightly packed in mixed aggregates than in pure TX100 ones [15] . This fact allows the positively charged heads of the DTAB to be far apart, causing a low surface charge density. Thus the counterions should not be electrostatically attached to the micelles. However, in another mixed system, DTAB-sodium undecenoate (SUD) it was found, that even micelles with compositions that had a SUD content enough to make them negatively charged, there was aggregation of bromide ions to the micelle surface [42] , and the same was found in a computer simulation of the same system [43] . This adsorption was attributed to van der Waals adsorption of Br -ions to the micelle-solution interface, due to the high polarizability of this ion. This situation may be hindered by the broad, strongly hydrated polyoxyethylenic shell of micelles predominantly formed by TX100.
In figure 5 the measured micellar electrophoretic mobilities (u) is plotted as a function of DTAB. Both electrophoretic mobility and zeta potential measurements are summarized in Table SI With the above data, using Equation (9), the composition of mixed micelles was computed and results are presented in Table I It must be taken into account that the data employed in this computation are obtained in different conditions. The micellar mass is obtained at the CMC, while the hydrodynamic radius and the zeta potential were obtained at 10CMC. Taken into account the observations also given in the theory section about the procedure ut supra, results must be seen with caution. Some literature values of Nagg for TX100 micelles in water are 140 [44] , 111 [34] and 135 [45] . For DTAB micelles, the measured aggregation number found in literature are in the range of Nagg = 40 -73 [33] [46] [47] The application of the RST to the CMC data was quite unsuccessful, because Equation (7) only gave results for two points, that are presented in Table II . For the other points, equation (7) cannot be solved numerically (it didn't converge), and then XDTA+ could not be obtained. It must be realized that this model gives the properties of the mixed micelles at the CMC, and then they are not strictly comparable with the compositions found with the experimental procedure.
In a literature study [15] the Rubingh's intramicellar inrteraction parameter M for the DTAB-TX100 system varied from one point to other, whilst for the TTAB-TX100 and CTAB-TX100 systems it remained rather constant. These authors concluded that the
RST cannot be applied to the DTAB-TX100 mixtures. In all these systems the M values became more negative as TX100 decreased, and this trend was more sharp in the DTAB-TX100 system than in the other cationic homologues. This is an indication of the thermodynamic asymmetry of the system, i.e., that W12  W21. Moreover, when applying the Maeda formulation [48] to determine the excess free energy of mixing, Carnero Ruiz and Aguiar [15] found that the parameter B2 = +1.23. Its interpretation is the same as W12, i.e, it is related to the standard free energy upon the replacement of a nonionic monomer with an ionic one (see below the EOMMM results). Figure 6 shows the EOMMM results. As it can be seen from the Gmix exc /RTXTX100XDTA line, the system is extremely asymmetric, which may be the cause of the failure in the application of the RST, which assumes symmetry. The values of W12 and W21 are very different. W12 represents the energy to introducing a DTAB molecule in a pure Triton X-100 micelle, and amounts +4.04kBT, i.e., it indicates a repulsive interaction. Conversely, W21, the energy of introducing a Triton-X100 molecule in a pure DTAB micelle, is -14.02kBT, i.e, indicating a strong attractive interaction.
As it can be seen, the excess free energy of mixed micellization is relatively low, as expected from the almost ideal dependence of the CMC on DTAB. Carnero Ruiz and Aguiar [15] . also found that in the system DTAB-TX100 system, when DTAB is low, the content in cationic surfactant in mixed micelles is very low also, and that the DTAB content in the mixture increases its inclusion in the aggregates becomes significant. 
DISCUSSION
The CMC values determined from surface tension and SLS are in agreement (Figure 1) , and their dependence on DTAB is almost ideal, which is astonishing in view of the very different nature of both surfactants. Triton X-100 has a branched hydrophobic chain, a bulky aromatic ring and a highly hydrated polyoxyethylene chain, while DTAB has a straight hydrocarbon chain and a relatively small ionic head group. In Figure 6 it can be seen that the excess free energy of mixed micellization (G exc /RT) is nearly zero, indicating that the interaction is almost ideal, too.
From Figure 6 it is also evident that, in spite of this almost ideal behavior, the system is very asymmetric. This may be the cause of the failure in the application of the Rubing's procedure, which assumes symmetry. Moreover, the very strong difference between W12 and W21 (+4.04kBT and -14.02kBT, respectively) makes very difficult to obtain an unique value of M. In fact, the only two values obtained for the intramicellar interaction parameter (+0.46kBT and -2.25kBT) are too different to make an average with any significance. This suggests that the values of XDTAB obtained from the RST are scarcely reliable. The values of W12 and W21 (+4.04kBT and -14.02kBT, respectively) may be interpreted as follows: The inclusion of a DTA + ion in a pure TX100 micelle is energetically unfavorable, because it introduces a charge in a nonionic micelle. The inclusion of other ionic surfactant units will increase the inter-head group repulsion, which is in conflict with micellization. Then, there is some repulsion between the two components. This also may be the cause of the low XDTA+ values for low DTAB mixtures (Figure 8 ).
TX100 minimal micelles are adequately represented as hard spheres [49] . It was proposed [36] [50] [51] that there is not a sharp boundary between the hydrophobic interior and the polyoxyethylene chain shell of TX100 spherical micelles. In those articles, authors have also suggested that the first oxyethylene groups of the alkylphenol and some TX100 molecules are contained in the hydrophobic core.
Pirene fluorescence has been used in alkytrimethylammonium bromide-TX100 mixed micelles to study the micropolarity of aggregates [15] . Pyrene locates near the surface of the hydrocarbon core of micelles, and the determinations were made well above the CMC. The micropolarity of micelles decreases from pure TX100 micelles when the DTA + content in aggregates increases. This was attributed to an increase in iondipole interactions between trimethylammonium and the oxyethylene groups. This in turn causes a partial dehydration of the polyoxyethylenic chains and a reduction in the micelle volume with increasing DTAB, as observed in this work (Figure 4 ). The inclusion of the cationic surfactant into mixed micelles produced more crowded aggregates with a more dehydrated structure. Mixed micelles had a less ordered structure than that of pure TX100 ones [15] . Dehydration is an energy consumer process which may contribute to the TX100 micelles reluctance to include DTA + ions.
Accordingly Yuan et al. [52] , the -methylene group of CTAB is in the near vicinity of the phenoxy ring of TX100. The trimethylammonium group of CTAB locates between the first oxyethylene group next to the phenoxy ring of TX100 and the methyl terminal group of the hydrophobic chain of CTAB is close to those of the nonionic surfactant.
CTAB and TX100 are uniformly distributed in the mixed micelles. This latter conclusion
indicates that the excess entropy of mixed micellization will be near zero. This is one of the assumptions of the RST procedure, which may be an explanation of the nearly ideal mixture CMC behavior of the system.
Thus, the hydrophobic core of pure TX100 micelles is not completely apolar, and this does not favor the inclusion of the hydrocarbon chain of DTA + ions. This may be the cause of the initial repulsion and the positive value of W12.
On the other hand, the inclusion of a TX100 molecule in pure DTAB micelles (W21)
is very favorable because it introduces a bulky, uncharged headgroup between charged groups, thus reducing their mutual electrostatic repulsion energy. In TX100-hexadecyltrimethylammonium bromide (CTAB) micelles, the trimethylammonium groups are situated facing the aryl groups of TX100, probably interacting with their -electrons [4] . Similar conclusions were formulated in TX100-sodium dodecylsulfate (SDS) mixed micelles [53] .
The XDTAB values experimentally determined were computed with data of diverse origin and at different surfactant concentrations. In particular, DLS and electrophoretic mobility were measured at 10CMC, then the results cannot strictly be compared with those of both, the RST and the EOMMM procedures, which are computed at the CMC.
Previous results in another system showed that the composition of the micelles changes strongly when increasing the total concentration of the surfactant. These conclusions were obtained from experiments without using any model[4] [54] . As a consequence, we will use just the EOMMM results in the following discussion.
As it can be seen in Figure 4 , there is a change in the dependence of the hydrodynamic diameter on the mixture composition at DTAB  0.75. There is an abrupt decrease in dh above this value. The electrophoretic mobility increases abruptly in the same region ( Figure 5 ).
Although Fang et al. [4] did not explored all the composition range in TX100-CTAB mixtures, the behavior of the mixed micelles' diffusion coefficient showed the same tendency as our results, with a monotonically decrease indicating a reduction in size when the proportion of the ionic surfactant in the overall mixture increases.
The evolution of the micelle mass with DTAB is monotonically decreasing but there is a slight change above DTAB  0.5 ( Figure 2 ).
Comparison with the evolution of XDTAB with DTAB from the EOMMM (Figure 8) indicates a sudden change in the composition of mixed micelles at DTAB  0.5. Figure 7 shows that below DTAB  0.5 Triton X-100 acts as a solvent (TX100  1)
whilst DTA + activity coefficient is near zero. Between DTAB  0.5 and DTAB  0.75 it seems that both surfactants form a mixture in which none of them acts as a solvent and the other as a solute, and above this latter composition, there is a new change in the interaction. These changes are reflected in the diverse properties here studied, as discussed ut supra.
As it was said above, Robson and Dennis [36] suggested spherical TX100 micelles, having some polyoxyethylene chains immersed into the hydrophobic micelle core. The inclusion of DTA + hydrocarbon tails may change this composition, and eventually the mixed micelle core becomes fully hydrophobic. This may occur at DTAB  0.4, causing the changes detected in Figure 7 , with mutual solubility indicated by the almost equals activity coefficients. Figure 9 shows that the mixture CMC remains close to that of the pure TX-100 along the composition range. This is a behaviour also found in TX100-CTAB mixtures, in which the presence of the cationic surfactant caused small perturbation to the micellization behaviour of TX100 [4] . Then, it is evident that TX100 micelles act as a rather ideal solvent for DTA + ions, at most up to DTAB  0.40.
From Figure 9 it also may be seen, mixed micelles form when the nonionic surfactant reaches its pure CMC, i.e., it may be interpreted that first micelles of Triton X-100 are formed and then they capture some DTA + ions. Apart of the energetically disfavored inclusion of the ionic surfactant, this may be also due in part to the very different CMC values of the mixture components.
The above results may be interpreted as follows: Triton X-100 incorporate DTA + ions, but the inclusion is initially difficult, showing some repulsion, as it can be appreciated with the W12 value. This causes mixed micelles formation with small DTA + content, as it can be seen in Figure 8 . The incorporation of DTA + molecules will increase the charge of micelles and reduce its diameter. This also increases the repulsion among micelles. Figure 3 shows the second virial coefficient from the Debye plot in SLS. In micelles for DTAB  0.75 the DTA + content is high enough to capture some counterions, and the Triton X-100 content small enough to permit a reduction of the effective hydrodynamic diameter. This is because if the nonionic surfactant is not tightly crowded in the micelle, the polyoxyethylene chains may be folded instead of extended to the intermicellar solution. The partial dehydration of the polyoxyethylene chains may contribute to this. Similar conclusions were obtained in the TX100-CTAB mixed system [4] . Both effects increase the electrophoretic mobility and reduce the micelle mass.
Micelles very rich in
Then, there is a change in the nature of micelles, from predominantly Triton X-100 micelles having solubilized some DTA + ions at DTAB below about 0.75 to predominantly DTAB micelles having solubilized Triton X-100 above that mixture composition, passing through micelles having apolar hydrocarbon core between DTAB  0.40 and 0.75.
Although discussed in other terms, Fang et al. [4] found some changes in the TX100-CTAB mixed micelles behaviour above and below about CTAB  0.5, related to changes in the interaction between the components of the system. As an example, the micelle composition behaviour when the total concentration is increased is the opposite for higher CTAB values (increasing with increasing concentration C) than for lower ones (decreasing with increasing C). Unfortunately, the region with CTAB > 0.75 was not studied by these authors.
In mixtures of TX100-SDS, Zhang and Dubin [53] 
CONCLUSIONS
In this article, we presented a systematic study of the micelles formed by a mixture of a non-ionic (TX-100) and a cationic (DTAB) surfactant. Both from theoretical and experimental findings we arrive to the following concluding remarks,  In spite of the very different molecular structure of the components and the very asymmetric thermodynamic interactions, the CMC of the mixtures have a nearly ideal behavior.
 The system is very asymmetric with the energy of introducing a DTA + ion into a TX100 micelle positive, meaning certain repulsion, while the introduction of a TX100 molecule in a pure DTAB micelles has a strong negative value, indicating attraction. This asymmetry is caused by the strong difference in surfactants structure.
 This asymmetry can be the cause of the failure in the application of the RST procedure to this system  Both hydrodynamic diameters and electrophoretic mobilities change abruptly their dependence on DTAB at DTAB  0.75.
 The hydrodynamic diameter and the micelle mass decrease, and the electrophoretic mobility increases with increasing DTAB, indicating a decrease in micelle size and an increase in micelle charge with the addition of DTAB.
 Below DTAB  0.5 micelles are mainly of TX100 acting as a solvent for some DTA + ions. Between this value and DTAB  0.75 there seems not to exist any difference in which is the solvent in the mixed micelle, and above this value there seems that an abrupt change in the system aggregates' structure occurs. These changes are reflected by different experimental results.
 On the basis of other TX100 mixed systems, there seems possible that two different micelles can coexist, at most above DTAB  0.5, the different results being an average of the properties of both types of micelles.
In a near future we will continue studying these surfactant mixtures focusing on structural changes as a function of micelle composition. In doing so we will introduce a very sensitive technique, electric birefringence [6] , which could be capable of discerning the presence of different micelles (with different surface charges and membrane viscoelasticities), in order to explore the validity of the final statement of this conclusion about the coexistence of two types of mixed micelles.
